Macro gas turbines (GT) are a newly developed small heat engine. GT is a whole by a combination of components such as turbine, combustor. It is a class of heat engines, which transform heat energy into mechanical energy. It is also a complicated thermo dynamical and mechanical system that cannot be modeled accurately. The mathematical model of a gas turbine is complex and very strong nonlinear. In this paper, an adaptive fuzzy control strategy is proposed for the gas turbine, which belongs to a class of nonlinear systems involving plant uncertainties. A robust control compensator is derived to eliminate the effect of uncertainties. The results of simulation demonstrate that the effect of the external disturbance on the rotation speed error can be attenuated to prescribed level and then the rotation speed control performance is achieved. It is proved that the rotation speed tracking error can converge to a small neighborhood of origin and that all the states and signals of the closed-loop system are ultimately uniformly bounded.
Introduction
Macro gas turbines have a very important position in the industrial and military fields. Fuzzy control has been successfully used to many control problems because it needs no accurate mathematical models of the controlled plants [1, 2] . Therefore, the researches on fuzzy adaptive control methods of gas turbines are significant in academic and practical aspects.
There are two kinds of uncertainties in a system to be controlled. One is caused by a lack of information about system structure and parameters, and the other is due to internal and external disturbances. Because of these uncertainties, the conventional nonlinear methods like feedback linearization usually fail, and the control of nonlinear uncertain systems remains a challenging. The objective, in adaptive control, is to introduce an adaptation law that adjusts the parameters of the controller or the system against system uncertainties and disturbances [3, 4] .
Design of tracking controller has broad application background, and now it has made a number of research results [5, 6, 7] . Fuzzy control with good use of a priori knowledge of human does not rely on a precise mathematical model of the plant. It has a lot of application development in the tracking control of nonlinear systems. The paper for a class of SISO uncertain nonlinear systems of macro gas turbine has proposed the adaptive fuzzy state feedback tracking control strategy, and given stability analysis.
Description of the Fuzzy System
Consider the affine SISO nonlinear system as follows. 
If some of the priori knowledge of human can be described by following IF-THEN rules:
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, where ê is the error vector. m y is the given reference input signal. If the functions
can make the system Eq.1 into a linear and controllable.
The control law is chosen as follows [8] 
The optimal parameters of vector  and the minimum approximation error of
. Here, the control target is to design fuzzy control law
and the adaptive law of parameters vector  to make the control system stable globally and can achieve the following H∞ performance.
the matrix The definite matrices Q, P are the solutions of following linear matrix inequality
is an arbitrary constant. Proof Lyapunov function is chosen as follows
Substituting Eq.10 into Eq.17, we have 
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The H∞ rotation speed control performance is shown in Figs. 1 and Fig. 2 . The curves of output N and the reference input ym are given in Fig. 1; the Fig. 2 . shows the curve of the rotation speed error e of the gas turbine control system.The results of simulation illustrated that the rotation speed control system of GT has achieved the desired control performance.
Conclusions
The nonlinear control methods based on model cannot solve various control problems on a gas turbine control. Based on Lyapunov stability theory, a robust adaptive fuzzy H ∞ control strategy on the basis of fuzzy basis functions is developed for the nonlinear system by means of linear matrix inequality technique. Simulations have demonstrated that all the states and the signals in the closed-loop system are all bounded. System rotation speed error can converge to a small neighborhood of the origin. For the given prescribed parameter, control system has achieved H ∞ performance.
This proposed controller consists of three parts. The first part is an adaptive fuzzy controller equipped with parameters update laws. The second part is a variable structure control compensator to offset the effect of plant uncertainties and the third part is a robust controller to compensate the effect of the approximation error of fuzzy systems and external disturbance on rotation speed error.
